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INTRODUCTION 

It has been shown t h a t  improved b inde r s  f o r  Soderberg 
e l e c t r o d e s  can be  made by incorpora t ing  a rubber r e in fo rc ing  grade of 
carbon b lack  i n  low grade  c o a l  t a r  p i t c h  o r  a r e s idue  from c a t a l y t i c  
cracking of petroleum. 
carbon b lacks  cannot  func t ion  merely as a p a r t i a l  replacement f o r  coke 
f ines .  The h igh  s u r f a c e  a r e a ,  small p a r t i c l e  s i z e  r e i n f o r c i n g  b lacks  
improve t h e  homogeneity and mechanical s t a b i l i t y  of t h e  binder-coke 
mixture by prevent ing  t h e  sepa ra t ion  of o i l y  components a t  h igh  
temperatures and apparent ly  have a c a t a l y t i c  e f f e c t  on polymerization 
and condensation r e a c t i o n s  assoc ia ted  with coking of the  binder.  

A t  t h e  concent ra t ion  used (1-1.5% of t h e  pas t e )  

A cracked petroleum p i t c h  conta in ing  carbon b lack  has  a l s o  
been compared t o  coal tar p i t c h  i n  a prebaked e l e c t r o d e  formulation. 
I n  t h e  manufacture of prebaked e l ec t rodes ,  s i zed  ca lc ined  coke and/or 
a n t h r a c i t e  aggrega te  is mixed wi th  20  t o  25X of coa l  tar p i t c h  a t  
10O-15O0C us ing  a hydraul ic  ram press .  
mineral  o i l  i s  added t o  the  mix t o  a c t  a s  a l u b r i c a n t  dur ing  ex t rus ion .  
Extruded e l e c t r o d e s  are cooled i n  a w a t e r  ba th ,  then packed i n  sand and 
baked i n  a gas- f i red  p i t  furnace.  The temperature i n  the  furnace  is 
increased g radua l ly  over a period of about 30 days t o  a maximum of 950- 
1000°C. Af te r  baking, t h e  e l ec t rodes  a r e  cooled ,  repacked i n  ca lc ined  
coke, and g raph i t i zed  by hea t ing  t o  1500-30OO0C. 

A smal l  amount of p a r a f f i n i c  

The coking c h a r a c t e r i s t i c s  needed in a binder f o r  prebaked 
e l ec t rodes  a r e  g e n e r a l l y  s imi l a r  t o  those  f o r  Soderberg paste, though 
lower p a s t e  f l u i d i t y  is  adequate f o r  prebaked e l ec t rodes :  whi le  t he  
pas te  must be  f l u i d  enough t o  permit forming by ex t rus ion ,  i t  is not  
necessary or  d e s i r a b l e  t h a t  i t  flow under i t s  own weight. 

EXPERIMENTAL 

T h e  p r o p e r t i e s  of a coa l  tar p i t c h  (K) s u i t a b l e  f o r  t h e  
manufacture of prebaked e l ec t rodes  a r e  g iven  i n  Table 1 along with 
those of t h r e e  petroleum binders.  
2.5% of f l u f f y  (unpe l l e t i zed )  ISAF b lack  i n  t h e  p i t c h  by mechanical 
s t i r r i n g .  
commercial pe l l ec i zed  SRF carbon b lack  i n  an  a romat ic  o i l ,  followed by 
d i s t i l l a t i o n  i n  vacuo, as previously descr ibed .  

Thermogravimetric Analyses 

Binder H w a s  prepared by d i spe r s ing  

P i t c h e s  G and J were made v i a  a c o l l o i d a l  d i spe r s ion  of 

Many e l e c t r o d e  manufacturers use thermogravimetric ana lys i s  
(TGA) of t he  b inder  t o  e s t a b l i s h  the  temperature cyc le  f o r  baking 
e l ec t rodes  so t h a t  t h e  rate of evolu t ion  of hydrocarbon vapours can be 
con t ro l l ed .  Too r ap id  emission of gases may cause  e l ec t rodes  to  c rack  
during t h e  baking opera t ion .  Since the  vapours a r e  burned i n  t h e  furnace  
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p i t  and c o n t r i b u t e  hea t  t o  t h e  baking process ,  a moderate rate of 
v o l a t i l i z a t i o n  i s  requi red  t o  provide  good temperature con t ro l .  
According t o  a common l abora to ry  procedure,  a weighed sample of p i t c h  
i s  placed on a ba lance  pan enclosed i n  a furnace ,  t h e  temperature of 
which is  increased  t o  650°C over a pe r iod  of 10 hours  under n i t rogen ,  
and t h e  loss i n  weight is determined a t  s e v e r a l  temperatures.  

The r e s u l t s  of coking t e s t s  c a r r i e d  o u t  by t h i s  procedure 
(TGA No. 1) on c o a l  tar p i t c h  K and petroleum binder H are shown i n  
Figure  1. Although t h e  i n i t i a l  temperature f o r  evo lu t ion  of v o l a t i l e s  
was about 100°C higher f o r  H than  f o r  K, t he  maximum r a t e  of v o l a t i l i z a t i o n  
( s lope  of t h e  l i n e a r  p a r t  of t he  thermogram) of H was g r e a t e r ,  and above 
600°C it l o s t  weight a t  a f a s t e r  ra te  than  K. Rapid loss i n  weight and 
a low carbon r e s idue  by TGA are gene ra l ly  considered t o  i n d i c a t e  a 
tendency t o  form a porous e l ec t rode .  However, some doubt remained 
about t h e  v a l i d i t y  of t h i s  acce le ra t ed  TGA tes t ;  as noted above, when 
e l ec t rodes  a r e  baked commercially, t he  temperature is r a i s e d  much more 
slowly. 

A TGA t e s t  (No. 2) was c a r r i e d  ou t  a t  a much lower hea t ing  
rate. Samples of b inder  i n  c ruc ib l e s  were heated f o r  22 hours i n  a 
n i t rogen  atmosphere a t  each of seven temperatures from 250 t o  800°C, 
t o t a l  hea t ing  t i m e :  154 hours.  Af te r  each pe r iod ,  t h e  c r u c i b l e s  w e r e  
removed from t h e  furnace ,  cooled i n  a des i cca to r ,  and weighed. The 
r e s u l t s  (F igure  2) d i f f e r e d  markedly from those  obtained by r ap id  hea t ing .  
The c o a l  t a r  p i t c h  s t i l l  began t o  vapour ize  a t  a lower temperature than  
the  petroleum p i t ches  G and H ,  bu t  t he  maximum rate of v o l a t i l i z a t i o n  
was about t h e  same f o r  a l l .  The d i f f e r e n t  shape of t h e  i n i t i a l  p a r t  of 
t h e  curve f o r  p i t c h  K was shown previous ly  by vacuum d i s t i l l a t i o n  a n a l y s i s  
t o  be  due t o  its h igher  conten t  of non-coke forming l i g h t  ends as  
compared t o  cracked petroleum p i t c h  b inders (1) .  

Af t e r  slow hea t ing  t o  800°C, t h e  weight of r e s i d u e  w a s  
v i r t u a l l y  t h e  same f o r  a l l  p i tches .  The amount of coke w a s  69-72% of 
the  b inder ,  as  compared t o  52-60% by the  conventional i so thermal  
coking va lue  test (2.5 hours a t  550°C) and t h e  rap id  hea t ing  TGA 
method. This  is  i n  agreement wi th  Chare t te  and Girolami(2) and Mar t in  
and Nelson(3),  who observed t h a t  the amount of coke from some coa l  t a r  
p i t ches  va r i ed  inve r se ly  as the  r a t e  of hea t ing ,  s i n c e  slow hea t ing  
favours  condensation and polymerization over c racking  and v o l a t i l i z a t i o n .  
Heating ra te  has a g r e a t e r  e f f e c t  on cracked petroleum p i t c h  con ta in ing  
carbon b l ack  than on  c o a l  tar p i t ch :  t h e  d i f f e rence  i n  t h e  amount of 
coke from slow and f a s t  hea t ing  TGA tests w a s  l a r g e r  f o r  H (72 v s  52%) 
than f o r  K (69 v s  60%). This can  undoubtedly be explained by t h e  
h igher  propor t ion  of d i s t i l l a b l e  coke forming components i n  a cracked 
petroleum residuum as determined by vacuum d i s t i l l a t i o n  and a n a l y s i s  of 
narrow cu t s (1 ) .  

A t h i r d  series of TGA t e s t s  were c a r r i e d  out  t o  determine 
the  e f f e c t  of t h e  presence of petroleum coke aggregate.  G i ~ o l a m i ( ~ )  
repor ted  t h a t  coa l  tar p i t c h  has a higher apparent  coking va lue  when 
heated i n  t h e  presence of ca lc ined  coke p a r t i c l e s  than when heated 
alone. I n  our t es t ,  (TGA No. 3 )  mixtures  conta in ing  23% binder  and 77% 
ca lc ined  coke flour* were hea ted  f o r  22 hours  a t  each of s i x  tempera tures  

* Coke I ,  Figure 4 
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between 300 and 80OoC. 
of binder and coke used were about optimum f o r  prebaked e l ec t rodes  made 
from t h i s  aggrega te .  

A s  i nd ica t ed  i n  t h e  next  s e c t i o n ,  t h e  propor t ions  

The r e s u l t s  of t h e  tests, shown i n  F igure  3 ,  were q u i t e  
iiffcre-t f r = m  r'-=aa cbs=z.rad fcr the bi?.'ero z k - c  Ct the DC=C hcati-g 
rate. The i n i t i a l  evo lu t ion  of v o l a t i l e s  from a l l  of t h e  mixtures  
occurred a t  t h e  same temperature (3OOOC) but a t  about double t h e  rate 
observed f o r  t h e  pure  b inde r s  a t  300-450°C, ind ica t ing  i n t e r a c t i o n  
between t h e  p i t c h  and coke. A t  t h e  same f i n a l  temperature (8OOOC) t h e  
weight l o s s  was h igher  than when t h e  b inde r s  were heated a lone ,  a r e s u l t  
i n  disagreement wi th  t h e  observa t ions  of Girolami, and of Martin and 
Nelson above. The cracked p i t c h  H conta in ing  only  2.5% carbon b lack  
had an extremely low e f f e c t i v e  coking va lue  (29), whereas t h e  one wi th  
5X carbon b lack  and t h e  c o a l  tar p i t c h  both had about 50. Conclusions 
are t h a t  t h e  a d d i t i o n a l  2.5% carbon b lack  in G i s  of b e n e f i t  dur ing  the  
baking procedure and t h i s  is borne ou t  by t h e  e l ec t rode  test d a t a  
presented in t h e  fo l lowing  sec t ion .  

Evaluation of T e s t  Elec t rodes  

The t h r e e  petroleum binders  and coa l  t a r  p i t c h ,  i n spec t ions  
of which are given  in Table 1, were compared i n  s e v e r a l  prebaked 
e l ec t rode  formula t ions  conta in ing  21 t o  27% binder .  
aggregates were used, wi th  p a r t i c l e  s i z e  d i s t r i b u t i o n s  as shown i n  
Figure 4. About 2% ex t rus ion  o i l  based on t he  coke was added t o  t h e  
mixture. 
about 16OoC and molded a t  13OoC under a p res su re  of 5,000 psig.  Af te r  
cooling t o  9SoC, t h e  samples were removed from t h e  molds, measured and 
weighed. 
green e l ec t rodes  were packed i n  ca lc ined  coke i n  s t a i n l e s s  steel  molds 
f o r  baking, which was c a r r i e d  out i n  a 48 hour con t ro l l ed  temperature 
cyc le .  The e l e c t r o d e s  were held  a t  t h e  maximum temperature of 1000°C 
f o r  2 hours.  Af t e r  cool ing  i n  the  furnace ,  they  were removed from t h e  
molds, brushed f r e e  of coke s c a l e ,  measured and weighed, then machined 
t o  obta in  specimens 2.5 inches  i n  diameter and 3 inches  long which were 
evaluated f o r  d e n s i t y ,  e l e c t r i c a l  r e s i s t i v i t y ,  and compressive s t r eng th .  
Experimental d a t a  f o r  t h e  mixes conta in ing  t h e  optimum amount of binder 
(22-23 w t  %) a r e  summarized i n  Tables 2 and 3. The average l o s s  of 
v o l a t i l e s  from cracked p i t c h  (5.0X SRF black) us ing  t h e  two coke 
aggregates was  t h e  same a s  f o r  the  coa l  tar p i t c h  (33-34%), but t he  

Two ca lc ined  coke 

The coke and b inder  were s t i r r e d  i n  a sigma bladed mixer a t  

The b i n d e r s  a l l  gave similar molded green mix d e n s i t i e s .  The 

o:~;s i ~ ~ : ~ k . k g  i r l r ly  2.5; LiaLL i06i: 2; a d  4;; iu w e i x i l i  L e S p e c i i v r i y .  

Table 4 g ives  a comparison of e f f e c t i v e  coking va lues  obtained 
by f i v e  procedures:  t he  i so thermal  coking t e s t ,  t h ree  l abora to ry  TGA 
tests and dur ing  bakln  of e l ec t rodes .  
wi th  t h e  Norske methodf2). and the  rap id  hea t ing  TGA procedure (No. 1) 
both gave less coke than when e l ec t rodes  were baked. This  r e s u l t  
confirms r e s u l t s  r epor t ed  by Martin and Nelson(3). The slow hea t ing  TGA 
procedure (No. 2) on t h e  b inde r s  a lone  gave a coke y i e l d  somewhat h igher  
than  t h a t  found i n  the  baking tests. However, TGA test No. 3 on t h e  
binder/coke mixture  produced s u b s t a n t i a l l y  less coke than  by e l ec t rode  
baking, a r e s u l t  t h a t  is not  suscep t ib l e  t o  a p l aus ib l e  explanation. 

The isothermal t e s t ,  which agrees 

I 
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It appears t h a t  thermogravimetric ana lys i s  of t he  binder a lone  
a t  a very  slow hea t ing  r a t e  can be used t o  p r e d i c t  t he  approximate y i e l d  
of coke from coa l  t a r  p i t c h  b inde r s  and poss ib ly  from cracked petroleum 
binders  conta in ing  the  optimum amount (about 5%) of carbon black. 
However, i t  must be concluded t h a t  i n  o the r  cases  a r e l i a b l e  i n d i c a t i o n  
of performance is ob ta inab le  only by prepar ing  and baking test e l e c t r o d e s  

Figure 5 shows the  d e n s i t y  of baked t e s t  e l ec t rodes  a s  a 
func t ion  of the  amount of coked binder (coke r e s idue ,  w t  X ,  x binder 
con ten t ) .  
of coked binder.  
carbon b lack  conten t  had a maximum baked e l ec t rode  dens i ty  a t  least a s  
high a s  coa l  t a r  p i t c h  b inder .  

Each curve has a maximum corresponding t o  the  optimum amount 
An e l ec t rode  made us ing  p i t c h  G with t h e  optimum 

As expected, t h e  compressive s t r e n g t h  of baked t e s t  e l ec t rodes  
va r i ed  d i r e c t l y  wi th  e l ec t rode  dens i ty ,  and f o r  t he  same coke aggrega te  
t h e  r e l a t i o n s h i p  is independent of t he  o r i g i n  of composition of t h e  
b inder  (Figure 6) .  The ind ica t ed  h igher  average s t r e n g t h  of e l ec t rodes  
made from coke I may be due t o  t h e  denser grading of t h i s  aggregate i n  
t h e  coarse  f r a c t i o n s .  

The e l e c t r i c a l  r e s i s t i v i t y  of baked e l ec t rodes  decreased wi th  
inc reas ing  e l ec t rode  dens i ty  a s  shown i n  F igure  7. Because coke I1 is 
more densely graded i n  t h e  f i n e  f r a c t i o n s ,  e l ec t rodes  made from t h i s  
aggrega te  had lower e l e c t r i c a l  r e s i s t i v i t y  than  those  made from coke I ,  
e s p e c i a l l y  a t  low e l ec t rode  d e n s i t i e s .  
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COAL TAR AND PETROLEUM PITCHES AS BINDERS FOR PREBAKED ELECTRODES 
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COAL TAR AND PETROLEUM PITCHES AS BINDERS FOR PREBAKED ELECTRODES 

COKE AKREGATES USED 
IN PAEBAKED TEST ELECTRODES 
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Figure 4 
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COAL TAR AND PETROLEUM PITCHES AS BINDERS FOR PREBAKED ELECTRODES 

RELATIONSHIP BETWEEN COMPRESSIVE STRENGTH 
& DENSITY OF BAKED TEST ELECTRODES 

Figure 5 Figure 6 
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